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DESCRIPTION 

PLASMA GENERATING ELECTRODE, ITS MANUFACTURING METHOD, AND 

PLASMA REACTOR 

TECHNICAL FIELD 

[0001] The present invention relates to a plasma generating electrode, a method 
of manufacturing the same, and a plasma reactor. More particularly, the present 
invention relates to a plasma generating electrode capable of generating high-density 
plasma with a high energy state, a method of manufacturing the same, and a plasma 
reactor. 

BACKGROUND ART 

[0002] A silent discharge occurs when disposing a dielectric between two 
electrodes secured on each end and applying a high alternating current voltage or a 
periodic pulsed voltage between the electrodes. In the resulting plasma field, active 
species, radicals, and ions are produced to promote a gaseous reaction and 
decomposition. This phenomenon may be utilized to remove toxic components 
contained in engine exhaust gas or incinerator exhaust gas. 

[0003] A plasma reactor having a plasma generating electrode has been 
disclosed which treats nitrogen oxide (NO x ), carbon particulate matter (PM), 
hydrocarbon (HC), carbon monoxide (CO), and the like contained in engine exhaust gas 
or incinerator exhaust gas by causing the engine exhaust gas or incinerator exhaust gas 
to pass through the plasma field (see patent document 1, for example). 

[0004] In the method of manufacturing the plasma reactor disclosed in the patent 
document 1, unevenness is formed on the surface of a dielectric in order to increase the 
resident time of the toxic substance contained in the exhaust gas to activate the plasma 



reaction. 

[Patent document 1] JP-A-2003-286829 

DISCLOSURE OF THE INVENTION 
5 [0005] However, the patent document 1 merely discloses a plasma reactor 

formed so that protrusions are scattered over the surface of the dielectric. Moreover, 
even if such protrusions are formed, the resident time of the exhaust gas does not 
change to a large extent, whereby only a small effect is obtained on the activity of the 
plasma reaction. 

10 [0006] The present invention has been made in view of the above-described 

problem, and provides a plasma generating electrode capable of generating high-density 
plasma with a high energy state, a method of manufacturing the same, and a plasma 
reactor. 

[0007] Specifically, the present invention provides the following plasma 
15 generating electrode, a method of manufacturing the same, and a plasma reactor. 

[0008] [1] A plasma generating electrode comprising at least two plate-shaped 
unit electrodes each of which faces each other and capable of generating plasma upon 
application of a voltage between the unit electrodes, at least one of the unit electrodes 
facing each other including a plate-shaped ceramic dielectric having a plurality of 
20 grooves and/or a plurality of recesses formed in at least one surface, and a conductive 
film disposed inside the ceramic dielectric, the plasma generating electrode capable of 
generating high-density plasma in the vicinity of edges formed by a surface of the 
ceramic dielectric and side surfaces of the grooves and/or the recesses upon application 
of a voltage between the unit electrodes, the high-density plasma having a density 
25 higher than that of plasma generated between the unit electrodes in an area other than 
the vicinity of the edges (hereinafter may be called "first invention"). 

[0009] [2] The plasma generating electrode according to [1], wherein the 



2 



I 



grooves and/or the recesses are formed in an area corresponding to 20 to 80% of an area 
of the surface of the ceramic dielectric assuming that the surface forms a continuous 
plane. 

[0010] [3] The plasma generating electrode according to [1] or [2], wherein each 
5 of the grooves and/or the recesses has a thickness from the surface of the ceramic 
dielectric to a bottom of the groove and/or the recess of 3 to 200 ^m. 

[0011] [4] The plasma generating electrode according to any of [1] to [3], 
wherein each of the grooves and/or the recesses has a thickness from the surface of the 
ceramic dielectric to a bottom of the groove and/or the recess of 1/3 or less of an 
10 average thickness of the ceramic dielectric. 

[0012] [5] A plasma reactor comprising the plasma generating electrode 
according to any of [1] to [4], and a casing having a passage (gas passage) for a gas 
containing a specific component formed therein, wherein, when the gas is introduced 
into the gas passage of the casing, the specific component contained in the gas can be 
15 reacted using plasma generated by the plasma generating electrode (hereinafter may be 
called "second invention"). 

[0013] [6] The plasma reactor according to [5], further comprising a pulsed 
power supply for applying a voltage to the plasma generating electrode. 

[0014] [7] The plasma reactor according to [6], wherein the pulsed power supply 
20 includes at least one SI thyristor. 

[0015] [8] A method of manufacturing a plasma generating electrode including 
at least two plate-shaped unit electrodes each of which faces each other and capable of 
generating plasma upon application of a voltage between the unit electrodes, the method 
comprising forming a ceramic raw material in a shape of a plate to obtain a plurality of 
25 unfired ceramic formed bodies, disposing a conductive film on one surface of a specific 
unfired ceramic formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 
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formed body on the resulting conductive-film-containing ceramic formed body so that 
the conductive film is covered to obtain a plate-shaped unit electrode precursor, forming 
a plurality of grooves and/or a plurality of recesses in at least one surface of the 
resulting unit electrode precursor to obtain a groove and/or recess-containing unit 
5 electrode precursor having the grooves and/or the recesses formed in at least one surface, 
firing the resulting groove and/or recess-containing unit electrode precursor to obtain a 
groove and/or recess-containing unit electrode including a plate-shaped ceramic 
dielectric having the grooves and/or the recesses formed in at least one surface and the 
conductive film disposed inside the ceramic dielectric, and disposing the resulting 

10 groove and/or recess-containing unit electrode to be at least one of the unit electrodes 
each of which faces each other of the plasma generating electrode (hereinafter may be 
called "third invention"). 

[0016] [9] A method of manufacturing a plasma generating electrode including 
at least two plate-shaped unit electrodes each of which faces each other and capable of 

15 generating plasma upon application of a voltage between the unit electrodes, the method 
comprising forming a ceramic raw material in a shape of a plate to obtain a plurality of 
unfired ceramic formed bodies, forming a plurality of grooves and/or a plurality of 
recesses in at least one surface of a specific unfired ceramic formed body of the 
resulting unfired ceramic formed bodies and disposing a conductive film on the other 

20 surface to obtain a groove and/or recess-containing conductive-film-containing ceramic 
formed body, stacking the other unfired ceramic formed body on the resulting groove 
and/or recess-containing conductive-film-containing ceramic formed body so that the 
conductive film is covered to obtain a groove and/or recess-containing unit electrode 
precursor having the grooves and/or the recesses formed in at least one surface, firing 

25 the resulting groove and/or recess-containing unit electrode precursor to obtain a groove 
and/or recess-containing unit electrode including a plate-shaped ceramic dielectric 
having the grooves and/or the recesses formed in at least one surface and the conductive 
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film disposed inside the ceramic dielectric, and disposing the resulting groove and/or 
recess-containing unit electrode to be at least one of the unit electrodes each of which 
faces each other of the plasma generating electrode (hereinafter may be called "fourth 
invention"). 

5 [0017] [10] A method of manufacturing a plasma generating electrode including 

at least two plate-shaped unit electrodes each of which faces each other and capable of 
generating plasma upon application of a voltage between the unit electrodes, the method 
comprising forming a ceramic raw material in a shape of a plate to obtain a plurality of 
unfired ceramic formed bodies, disposing a conductive film on one surface of a specific 

10 unfired ceramic formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 
formed body on the resulting conductive-film-containing ceramic formed body so that 
the conductive film is covered to obtain a plate-shaped unit electrode precursor, firing 
the resulting unit electrode precursor and then forming a plurality of grooves and/or a 

15 plurality of recesses in at least one surface of the fired unit electrode precursor to obtain 
a groove and/or recess-containing unit electrode including a plate-shaped ceramic 
dielectric having the grooves and/or the recesses formed in at least one surface and a 
conductive film disposed inside the ceramic dielectric, and disposing the resulting 
groove and/or recess-containing unit electrode to be at least one of the unit electrodes 

20 each of which faces each other of the plasma generating electrode (hereinafter may be 
called "fifth invention"). 

[0018] [11] A method of manufacturing a plasma generating electrode including 
at least two plate-shaped unit electrodes each of which faces each other and capable of 
generating plasma upon application of a voltage between the unit electrodes, the method 

25 comprising forming a ceramic raw material in a shape of a plate to obtain a plurality of 
unfired ceramic formed bodies, disposing a conductive film having a plurality of 
openings formed therethrough in its thickness direction on one surface of a specific 
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unfired ceramic formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 
formed body on the resulting conductive-film-containing ceramic formed body so that 
the conductive film is covered to obtain a plate-shaped unit electrode precursor, firing 
5 the resulting unit electrode precursor to obtain a groove and/or recess-containing unit 
electrode including a plate-shaped ceramic dielectric having in at least one surface a 
plurality of grooves and/or a plurality of recesses corresponding to a shape of the 
openings in the conductive film and the conductive film disposed inside the ceramic 
dielectric, and disposing the resulting groove and/or recess-containing unit electrode to 

10 be at least one of the unit electrodes each of which faces each other of the plasma 
generating electrode (hereinafter may be called "sixth invention"). 

[0019] The plasma generating electrode and the plasma reactor according to the 
present invention can generate high-density plasma with a high energy state between the 
unit electrodes each of which faces each other. The method of manufacturing a plasma 

15 generating electrode according to the present invention allows the above plasma 
generating electrode to be easily and inexpensively manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG 1 is a perspective view schematically showing an example of one 
20 embodiment of a plasma generating electrode according to the present invention (first 
invention). 

FIG. 2 is a perspective view schematically showing another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
invention). 

25 FIG 3(a) is an enlarged view of a groove in another example of one embodiment 

of the plasma generating electrode according to the present invention (first invention). 

FIG 3(b) is an enlarged view of a groove in still another example of one 
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embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG 3(c) is an enlarged view of a groove in still another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
5 invention). 

FIG 3(d) is an enlarged view of a groove in yet another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG 4 is a perspective view schematically showing another example of one 
10 embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG 5 is a perspective view schematically showing another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
invention). 

15 FIG 6 is a perspective view schematically showing another example of one 

embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG 7 is a perspective view schematically showing another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
20 invention). 

FIG 8 is a perspective view schematically showing another example of one 
embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG 9 is a perspective view schematically showing yet another example of one 
25 embodiment of the plasma generating electrode according to the present invention (first 
invention). 

FIG. 10 is a cross-sectional view schematically showing one embodiment of a 
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plasma reactor according to the present invention (second invention). 

FIG. 11 is a schematic view showing an example of the plasma generating 
electrode according to the present invention (first invention). 

5 EXPLANATION OF REFERENTIAL NUMBERS 

[0021] 1: plasma generating electrode, 2: unit electrode, 3: ceramic body, 4: 
conductive film, 5: groove, 6: recess, 7: holding member, 9: edge, 10: opening, 11: 
electricity supply portion, 12: casing, 13: gas passage, 20: plasma reactor, 21: surface 
(surface of ceramic dielectric), 22: side surface (side surface of groove and/or recess) 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] Embodiments of a plasma generating electrode, a method of 
manufacturing the same, and a plasma reactor according to the present invention are 
described below in detail with reference to the drawings. Note that the present 
15 invention should not be construed as being limited to the following embodiments. 
Various alterations, modifications, and improvements may be made in the embodiments 
within the scope of the present invention based on knowledge of a person skilled in the 
art. 

[0023] FIG. 1 is an oblique view schematically showing an example of one 
20 embodiment of the plasma generating electrode according to the present invention, and 
FIG. 2 is an oblique view schematically showing another example of one embodiment of 
the plasma generating electrode according to the present invention. As shown in FIGS. 
1 and 2, a plasma generating electrode 1 according to this embodiment is a plasma 
generating electrode 1 including at least two plate-shaped unit electrodes 2 each of 
25 which faces each other and capable of generating plasma upon application of a voltage 
between the unit electrodes 2, at least one of the unit electrodes 2 each of which faces 
each other including a plate-shaped ceramic dielectric 3 having a plurality of grooves 5 
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and/or a plurality of recesses 6 formed in at least one surface, and a conductive film 4 
disposed inside the ceramic dielectric 3, the plasma generating electrode 1 capable of 
generating high-density plasma at edges 9 formed by a surface 21 of the ceramic 
dielectric 3 and side surfaces 22 of the grooves 5 and/or the recesses 6 upon application 

5 of a voltage between the unit electrodes 2, the high-density plasma having a density 
higher than that of plasma generated between the unit electrodes 2 in an area other than 
the vicinity of the edge 9. In the plasma generating electrode 1 shown in FIG. 1, the 
grooves 5 are formed in each surface 21 of the ceramic dielectric 3. In the plasma 
generating electrode 1 shown in FIG. 2, the recesses 6 are formed in each surface 21 of 

10 the ceramic dielectric 3. Since the plasma generating electrode 1 according to this 
embodiment generates high-density plasma in the vicinity of the edge 9, the edge 9 is 
sharply formed to such an extent that a discharge concentration occurs when applying a 
voltage between the unit electrodes 2. 

[0024] When applying a specific voltage between the unit electrodes 2, a 

15 discharge occurs between the respective ceramic dielectrics 3 constituting the unit 
electrodes 2 each of which faces each other, whereby plasma is generated. In the 
plasma generating electrode 1 shown in FIG. 1, since a discharge concentration occurs 
in the vicinity of the edge 9 formed by the surface 21 of the ceramic dielectric 3 and the 
side surface 22 of the groove 5, plasma can be generated which has a density higher 

20 than that of plasma generated between the unit electrodes 2 in an area other than the 
vicinity of the edge 9 (e.g. plasma generated in the vicinity of the surface 21 of the 
ceramic dielectric 3). The plasma generating electrode 1 according to this embodiment 
can thus generate high-density plasma at lower energy. This also applies to the case 
where the recesses 6 are formed in the surfaces 21 of the respective ceramic dielectrics 

25 3 constituting the unit electrodes 2 each of which faces each other, such as in the plasma 
generating electrode 1 shown in FIG. 2. The plasma generating electrode 1 according 
to this embodiment may be used for a plasma reactor which allows a gas containing a 
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specific component to be reacted, such as an exhaust gas treatment device which treats 
soot, nitrogen monoxide, and the like contained in combusted exhaust gas or an 
ozonizer which produces ozone by reacting oxygen in air or the like. 

[0025] As shown in FIGS. 1 and 2, the shape of the grooves 5 and/or the 

5 recesses 6 is not particularly limited. For example, the grooves 5 may be formed 
approximately in parallel in the surface 21 of the ceramic dielectric 3, as shown in FIG. 
1, or the recess 6 may be regularly formed in the surface 21 of the ceramic dielectric 3, 
as shown in FIG. 2. Although FIG.2 illustrates the plasma generating electrode 1 in 
which the shape of the opening of the recess 6 is quadrilateral and the recesses 6 are 

10 formed at equal intervals, the shape of the opening, the interval between the recesses 6, 
and the like are not particularly limited. For example, the shape of the opening of the 
recess 6 may be polygonal other than quadrilateral or may be circular, oval, or the like. 

[0026] FIGS. 1 and 2 illustrate the grooves 5 and/or the recesses 6 formed so 
that the side surfaces 22 of the grooves 5 and/or the recesses 6 are vertical to the surface 

15 21 of the ceramic dielectric 3. Note that the shapes of the groove 5 and the recess 6 in 
the plasma generating electrode 1 according to this embodiment are not limited thereto. 
As shown in FIGS. 3(a) to 3(d), the grooves 5 and/or the recesses 6 may be formed so 
that the side surfaces 22 of the grooves 5 and/or the recesses 6 are at a specific angle 
with the surface 21 of the ceramic dielectric 3, for example. In more detail, the 

20 grooves 5 and/or the recesses 6 may be formed so that the shape of the groove 5 (recess 
6) in the cross section perpendicular to the surface 21 of ceramic dielectric 3 is 
trapezoidal, as shown in FIGS. 3(a) and 3(b), or may be formed so that the side surface 
22 of the groove 5 (recess 6) is inclined in one direction, shown in FIG. 3(c). As 
shown in FIG 3(d), the bottom surface of the groove 5 (recess 6) may be formed by two 

25 or more planes. FIGS. 3(a) to 3(d) are enlarged views of the groove in another 
example of one embodiment of the plasma generating electrode according to the 
invention (first invention). In FIGS. 3(a) to 3(d), as to elements configured in the 
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same manner as the elements shown in FIGS. 1 and 2, they are indicated by the same 
referential numbers with the omission of the detailed description thereon. 

[0027] When the grooves 5 are formed in the surface 21 of the ceramic dielectric 
3 as shown in FIG 1, it is preferable that the width of the groove 5 be 10 to 5000 fim, 

5 although the width of the groove 5 is not particularly limited. If the width of the 
groove 5 is less than 10 ftm, a large number of grooves are formed in order to achieve 
the effects, whereby the plasma generating electrode may not be manufactured at low 
cost. If the width of the groove 5 is more than 5000 jum, since the percentage of the 
edges 9 of the grooves 5 occupying the area of the surface 21 of the ceramic dielectric 3 

10 (area when the surface 21 of the ceramic dielectric 3 forms a continuous plane) 
decreases, the amount of high-density plasma generated decreases, whereby a sufficient 
effect may not be achieved. 

[0028] When the recesses 6 are formed in the surface 21 of the ceramic 
dielectric 3 as shown in FIG. 2, it is preferable that the open area of the recess 6 be 100 

15 to 1x10 s fim 2 . If the open area of the recess 6 is less than 100 jum 2 , a large number of 
recesses are formed in order to achieve the effects, whereby the plasma generating 
electrode may not be manufactured at low cost. If the open area of the recess 6 is more 
than 1x10 s /urn 2 , since the percentage of the edges 9 of the grooves 5 occupying the area 
of the surface 21 of the ceramic dielectric 3 (area when the surface 21 of the ceramic 

20 dielectric 3 forms a continuous plane) decreases, the amount of high-density plasma 
generated decreases, whereby a sufficient effect may not be achieved. 

[0029] As shown in FIGS. 1 and 2, since the plasma generating electrode 1 
according to this embodiment generates high-density plasma in the vicinity of the edge 
9, the edge 9 must be sharply formed to such an extent that a discharge concentration 

25 occurs when applying a voltage between the unit electrodes 2. Therefore, the angle of 
the edge 9 formed by the surface 21 of the ceramic dielectric 3 and the side surface 22 
of the groove 5 and/or the recess 6 in the cross section perpendicular to the surface 21 of 
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the ceramic dielectric 3 is preferably 45 to 135 degrees, and still more preferably 80 to 
100 degrees. When the edge 9 is chamfered, the angle formed by extending the 
surface 21 of the ceramic dielectric 3 and the side surface 22 of the groove 5 and/or the 
recess 6 is preferably 45 to 135 degrees, and still more preferably 80 to 100 degrees. 
5 For example, when the edge 9 is chamfered so that the edge 9 has a curvature, it is 
preferable that the radius of curvature of the chamfered portion be 1 jum to 100 mm. 
When the edge 9 is chamfered so that the end of the edge 9 is a flat surface, it is 
preferable that the chamfer width, that is, the distance between the surface 21 of the 
ceramic dielectric 3 and the side surface 22 of the groove 5 and/or the recess 6 on the 
10 chamfered surface be 1 ^m to 10 mm. This configuration allows a discharge 
concentration to effectively occur in the vicinity of the edge 9, whereby high-density 
plasma can be effectively generated. 

[0030] The interval at which the grooves 5 are formed is not particularly limited. 
As shown in FIG 4, the grooves 5 may be formed at irregular intervals, for example. 
15 As shown in FIG. 5, the width of the groove 5 may be comparatively reduced, and the 
grooves 5 may be formed at large intervals. Or, the grooves 5 may be formed to have 
a comparatively large width, as shown in FIG 6. In FIGS. 4 to 6, as to the elements 
configured in the same manner as the elements of the plasma generating electrode 1 
shown in FIG 1, they are indicated by the same referential numbers with the omission 
20 of the detailed description thereon. 

[0031] In the plasma generating electrode 1 according to this embodiment 
shown in FIGS. 1 and 2, it is preferable that the grooves 5 and/or the recesses 6 be 
formed in an area corresponding to 20 to 80% of the area of the surface 21 of the 
ceramic dielectric 3 assuming that the surface 21 forms a continuous plane. If the 
25 grooves 5 and/or the recesses 6 are formed in an area corresponding to less than 20% or 
more than 80% of the area of the surface 21 of the ceramic dielectric 3 assuming that 
the surface 21 forms a continuous plane, the percentage of the edges 9 of the grooves 5 
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and/or the recesses 6 occupying the surface 21 of the ceramic dielectric 3 decreases, 
whereby the area in which high-density plasma is generated in the vicinity of the edges 
9 decreases. 

[0032] In regard to the depth from the surface of the ceramic dielectric 3 to the 
bottom surface of the groove 5, the grooves 5 may be formed so that all the grooves 5 
have the same depth as shown in FIG 1, or may be formed so that the grooves 5 have 
different depths as shown in FIG. 7. The grooves may be formed to have different 
depths in different ceramic dielectric units (not shown). Likewise, when the recesses 6 
are formed in the surface 21 of the ceramic dielectric 3 as shown in FIG 2, the recesses 
6 may be formed so that all the recesses 6 have the same depth from the surface of the 
ceramic dielectric 3 to the bottom surface of the recess 6, or may be formed so that the 
recesses 6 have different depths from the surface of the ceramic dielectric 3 to the 
bottom surface of the recess 6. 

[0033] The direction in which the groove 5 is formed in the surface 21 of the 
ceramic dielectric 3 is not particularly limited. When the plasma generating electrode 
1 is used so that a fluid such as exhaust gas passes through plasma generated between 
the unit electrodes 2, the grooves 5 may be formed in the direction in which the plasma 
generating space is formed through the plasma generating electrode 1 (e.g. along the 
fluid flow direction) as shown in FIG. 1, or may be formed in the direction which 
intersects the direction in which the plasma generating space is formed through the 
plasma generating electrode 1 as shown in FIG 8. In FIG 8, as to the elements 
configured in the same manner as the elements of the plasma generating electrode 1 
shown in FIG. 1, they are indicated by the same referential numbers with the omission 
of the detailed description thereon. 

[0034] In the plasma generating electrode 1 according to this embodiment 
shown in FIG 1 or 2, it is preferable that the depth from the surface 21 of the ceramic 
dielectric 3 to the bottom of the groove 5 and/or the recess 6 be 3 to 200 ^m. If the 
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depth of the groove 5 and/or the recess 6 is less than 3 /um, the difference from the case 
where the surface 21 of the ceramic dielectric 3 is flat decreases, whereby the effect of 
generating high-density plasma in the vicinity of the edge 9 may not be sufficiently 
obtained. If the depth of the groove 5 and/or the recess 6 is more than 200 ^m, the 
5 mechanical strength of the ceramic dielectric 3 decreases, whereby breakage or the like 
may occur. 

[0035] In the plasma generating electrode 1 according to this embodiment, it is 
preferable that the depth from the surface 21 of the ceramic dielectric 3 of the unit 
electrode 2 to the bottom of the groove 5 and/or the recess 6 be 1/3 or less of the 

10 average thickness of the ceramic dielectric 3. If the depth of the groove 5 and/or the 
recess 6 is more than 1/3 of the average thickness of the ceramic dielectric 3, the 
mechanical strength of the ceramic dielectric 3 decreases, whereby breakage or the like 
may occur. The average thickness of the ceramic dielectric 3 may be calculated by 
dividing the total volume of the ceramic dielectric 3 by the area of one surface of the 

15 ceramic dielectric 3, that is, the surface formed by the longest side and the second 
longest side of the surface 21 of the ceramic dielectric 3 assuming that the surface forms 
a continuous plane, for example. Since the volume of the conductive film 4 disposed 
inside the ceramic dielectric 3 is sufficiently smaller than the volume of the ceramic 
dielectric 3, it is also possible to use the total volume of the unit electrode 2 as an 

20 approximate value when calculating the total volume of the ceramic dielectric 3. 

[0036] The material for the ceramic dielectric 3 used for the plasma generating 
electrode 1 according to this embodiment is not particularly limited insofar as the 
material can be suitably used as a dielectric. It is preferable that the ceramic dielectric 
3 include at least one compound selected from the group consisting of aluminum oxide, 

25 magnesium oxide, silicon oxide, silicon nitride, aluminum nitride, mullite, cordierite, 
magnesium-calcium-titanium type oxide, barium- titanium -zinc type oxide, and 
barium-titanium type oxide, for example. If the ceramic dielectric 3 includes such a 
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compound, a ceramic dielectric 3 exhibiting excellent thermal shock resistance can be 
obtained. The ceramic dielectric 3 used in this embodiment may be formed using a 
tape-shaped unfired ceramic formed body, such as a ceramic green sheet. The ceramic 
dielectric 3 may also be formed using a sheet obtained by extrusion. A flat plate 

5 formed by powder dry pressing may also be used. 

[0037] A specific method of forming the grooves 5 and/or the recesses 6 is 
described in detail later when describing methods of manufacturing a plasma generating 
electrode of the third to sixth inventions. The grooves 5 and/or the recesses 6 may be 
formed by machining the surface of the ceramic dielectric 3 obtained by firing using 

10 slicing, dicing, processing using ultrasonic horns, or the like, or may be formed in the 
surface of an unfired ceramic green sheet (unfired ceramic formed body) using a die 
corresponding to the shape of the groove 5 or the recess 6, for example. Or, a ceramic 
green sheet (unfired ceramic formed body) having the recesses 6 formed in the surface 
may also be used which is prepared by stacking a ceramic green sheet in which a 

15 number of holes are formed by punching (hereinafter may be called "punched ceramic 
green sheet") and a plate-shaped ceramic green sheet. When forming the recesses 6 
using such a punched ceramic green sheet, a ceramic green sheet prepared by stacking 
the punched ceramic green sheet and one or more plate-shaped ceramic green sheets in 
advance may be used, or a ceramic green sheet prepared by disposing the conductive 

20 film 4 on the plate-shaped ceramic green sheet and stacking the punched ceramic green 
sheet, a ceramic green sheet in which the punched ceramic green sheet and another 
plate-shaped ceramic green sheet are stacked, or the like on the surface of the 
plate-shaped ceramic green sheet opposite to the surface on which the conductive film 4 
is disposed. Or, a ceramic green sheet prepared by stacking two plate-shaped ceramic 

25 green sheets so that the conductive film 4 is covered, and stacking the punched ceramic 
green sheet or the like on at least one of the surfaces opposite to the surfaces on which 
the conductive film 4 is disposed. In the plasma generating electrode 1 shown in FIG 



9, the conductive film 4 is disposed on the surface of a ceramic green sheet (unfired 
ceramic formed body) so that a number of openings 10 are formed through the 
conductive film 4 in its thickness direction, and a ceramic green sheet (unfired ceramic 
formed body) is allowed to enter the openings 10 in the disposed conductive film 4 to 

5 form the recesses 6 corresponding to the shape of the openings 10. FIG 9 illustrates 
the plasma generating electrode 1 in which the recesses 6 are formed in the surface 21 
of the ceramic dielectric 3. Note that the openings 10 may be formed in the shape of 
grooves so that the grooves 5 (see FIG 1) are formed. This configuration not only 
allows the grooves 5 (see FIG 1) or the recesses 6 to be formed by the openings 10 in 

10 the conductive film 4, but also allows a comparatively strong discharge to occur on the 
outer circumferential portion of the opening 10. Therefore, uniform and stable plasma 
can be generated at low power consumption using such a conductive film 4. 

[0038] In the plasma generating electrodes 1 shown in FIGS. 1 to 9, the grooves 
5 and/or the recesses 6 are formed in each surface 21 of the plate-shaped ceramic 

15 dielectric 3. In the plasma generating electrode 1 according to this embodiment, it 
suffices that the grooves 5 and/or the recesses 6 be formed in at least one surface 21. 
In the plasma generating electrodes 1 shown in FIGS. 1 to 9, the grooves 5 and/or the 
recesses 6 are formed in at least one surface 21 of the unit electrodes 2 each of which 
faces each other. In the plasma generating electrode 1 according to this embodiment, it 

20 suffices that the grooves 5 and/or the recesses 6 be formed in at least one surface 21 of 
at least one of the unit electrodes 2 each of which faces each other (not shown). In this 
case, a known electrode such as a metal plate may be suitably used as the other of the 
unit electrodes each of which faces each other. 

[0039] As shown in FIGS. 1 to 9, the conductive film 4 of the unit electrode 2 is 

25 not particularly limited insofar as plasma can be generated by applying a voltage 
between the unit electrodes 2. It is preferable that the conductive film 4 include at 
least one metal selected from the group consisting of tungsten, molybdenum, 
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manganese, chromium, titanium, zirconium, nickel, iron, silver, copper, platinum, and 
palladium. 

[0040] The method of disposing the conductive film 4 is not particularly limited. 
It is preferable to form the conductive film 4 by applying the conductive film 4 to the 

5 ceramic dielectric 3. As preferable examples of a specific application method, screen 
printing, calender rolling, spraying, electrostatic painting, dip coating, knife coating, 
chemical vapor deposition, physical vapor deposition, and the like can be given. 
According to these methods, a thin conductive film 4 exhibiting excellent surface 
flatness after application can be easily formed. It is preferable that the conductive film 

10 4 include a electricity supply portion 11 which is not covered with the ceramic dielectric 
3 so that a voltage can be directly applied from the outside of the unit electrode 2. 

[0041] As shown in FIGS. 1 to 9, the unit electrode 2 of the plasma generating 
electrode 1 according to this embodiment is held by a holding member 7 on at least one 
end. The material for the holding member 7 is not particularly limited insofar as the 

15 unit electrodes 2 can be suitably held in a state in which the unit electrodes 2 are 
separated at an specific interval. It is preferable that the holding member 7 include at 
least one compound selected from the group consisting of aluminum oxide, magnesium 
oxide, silicon oxide, silicon nitride, zirconia, mullite, cordierite, and crystallized glass. 
It is preferable that the holding member 7 exhibit electric insulating properties from the 

20 viewpoint of preventing a local creeping discharge. 

[0042] One embodiment of a method of manufacturing a plasma generating 
electrode according to the third invention is described below. The method of 
manufacturing a plasma generating electrode according to this embodiment is a method 
of manufacturing a plasma generating electrode including at least two plate-shaped unit 

25 electrodes each of which faces each other and capable of generating plasma upon 
application of a voltage between the unit electrodes, the method including forming a 
ceramic raw material in a shape of a plate to obtain a plurality of unfired ceramic 



formed bodies, disposing a conductive film on one surface of a specific unfired ceramic 
formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 
formed body on the resulting conductive-film-containing ceramic formed body so that 
5 the conductive film is covered to obtain a plate-shaped unit electrode precursor, forming 
a plurality of grooves and/or a plurality of recesses in at least one surface of the 
resulting unit electrode precursor to obtain a groove and/or recess-containing unit 
electrode precursor having the grooves and/or the recesses formed in at least one surface, 
firing the resulting groove and/or recess-containing unit electrode precursor to obtain a 
10 groove and/or recess-containing unit electrode including a plate-shaped ceramic 
dielectric having the grooves and/or the recesses formed in at least one surface and the 
conductive film disposed inside the ceramic dielectric, and disposing the resulting 
groove and/or recess-containing unit electrode to be at least one of the unit electrodes 
each of which faces each other of the plasma generating electrode. This configuration 
15 allows the plasma generating electrode 1 as shown in FIG. 1 which can generate 
high-density plasma to be easily manufactured at low cost. 

[0043] Each step is described below. First, unfired ceramic formed bodies 
forming the ceramic dielectric of the plasma generating electrode are formed. As the 
unfired ceramic formed bodies, known ceramic green sheets may be suitably used. 
20 Specifically, slurry is prepared by mixing a specific ceramic powder with an appropriate 
binder, sintering agent, plasticizer, dispersant, organic solvent, and the like. As the 
ceramic powder, powder of aluminum oxide, mullite, cordierite, silicon nitride, 
aluminum nitride, or the like may be suitably used. The sintering agent is preferably 
added in an amount of 3 to 10 parts by weight for 100 parts by weight of the ceramic 
25 powder. As the plasticizer, dispersant, and organic solvent, a plasticizer, dispersant, 
and organic solvent used for known slurry used to form a ceramic green sheet may be 
suitably used. The slurry may be in the form of paste. 



[0044] The resulting slurry is formed to a specific thickness by a known method 
such as a doctor blade method, a calendering method, a printing method, or a reverse 
roll coating method to form unfired ceramic formed bodies. The resulting unfired 
ceramic formed bodies may be subjected to cutting, grinding, punching, or through hole 

5 formation, or may be used as an integral laminate in which the unfired ceramic formed 
bodies are stacked and bonded by thermocompression bonding or the like. The unfired 
ceramic formed bodies are stacked in two or more layers in a state in which the 
conductive film is placed therebetween and fired to form a ceramic dielectric. The 
unfired ceramic formed bodies may be formed to have approximately the same size or 

10 thickness, or may be formed to have different sizes or thicknesses. 

[0045] A conductive paste for forming the conductive film is separately prepared. 
The conductive paste may be prepared by adding a binder and a solvent such as 
terpineol to molybdenum powder and sufficiently kneading the mixture using a triple 
roll mill, for example. An additive may be arbitrarily added to the conductive paste in 

15 order to improve the adhesion to the unfired ceramic formed body and to improve the 
sintering properties. 

[0046] The resulting conductive paste is disposed on the surface of a specific 
unfired ceramic formed body of the unfired ceramic formed bodies by screen printing or 
the like to form a conductive film having a specific shape to obtain a 

20 conductive-film-containing ceramic formed body. The conductive film may be 
disposed by calender rolling, spraying, electrostatic painting, dip coating, knife coating, 
chemical vapor deposition, physical vapor deposition, or the like. 

[0047] The conductive-film-containing ceramic formed body and the unfired 
ceramic formed body other than the specific unfired ceramic formed body are stacked 

25 so that the conductive film of the conductive-film-containing ceramic formed body is 
covered to obtain a unit electrode precursor having the conductive film disposed therein. 
It is preferable to stack the unfired ceramic formed bodies at a temperature of 100°C 
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while applying a pressure of 10 MPa. 

[0048] A plurality of grooves and/or a plurality of recesses are formed in at least 
one surface of the resulting unit electrode precursor to obtain a groove and/or 
recess-containing unit electrode precursor in which a plurality of grooves and/or a 

5 plurality of recesses are formed in at least one surface. As a specific method, the 
grooves and/or the recesses may be formed in at least one surface of the unit electrode 
precursor using a die corresponding to the shape of the groove or the recess, for 
example. Or, an unfired ceramic formed body in which holes are formed by punching 
may be prepared, and the grooves and/or the recesses may be formed by disposing the 

10 resulting unfired ceramic formed body on at least one surface of the unit electrode 
precursor. Or, an unfired ceramic formed body in which holes are formed may be 
stacked on a plate-shaped unfired ceramic formed body to form an unfired ceramic 
formed body having recesses, and the resulting unfired ceramic formed body may be 
disposed on at least one surface of the unit electrode precursor. When forming the 

15 groove or the recess using an unfired ceramic formed body in which holes are formed, 
the method of forming the holes and the like are not particularly limited. As disclosed 
in JP-A-2001-62784, when forming holes having a small diameter "d" at a small 
interval "a" by punching, a method may be preferably used in which at least two holes 
including a hole having the small diameter "d" using a die punch at an interval "A" at 

20 least twice the small interval "a", and a hole is formed between the holes formed at the 
interval "A" at least at the small interval "a" from the hole having the small diameter 
"d" without removing the punch, for example. As the punching die used for punching, 
a punching die for a simultaneous punching-lamination process including a punch and a 
die for punching a workpiece and a stripper for guiding the punch, in which the punched 

25 workpiece is laminated using the punch as the laminating axis, the punching die further 
including adjustment means A which can change the relative position of the punch and 
the stripper when an upper mold containing the punch and a lower mold containing the 



die are separated, and adjustment means B which can change the clearance between the 
die and stripper during punching, as disclosed in JP-A-2003-145494, may be suitably 
used. A hole or the like can be easily formed in the unfired ceramic formed body by 
using such a hole formation method and punching die, whereby the grooves or the 
recesses can be easily formed. 

[0049] In the method of manufacturing a plasma generating electrode according 
to this embodiment, since a relatively soft unfired ceramic formed body forming the 
unfired unit electrode precursor is processed, the grooves and/or recesses can be easily 
formed. It is preferable that the shape of the groove and/or the recess to be formed and 
the like be the same as the shape of the groove and/or the recess and the like described 
in the embodiment of the plasma generating electrode according to the first invention. 

[0050] The groove and/or recess-containing unit electrode precursor in which 
grooves and/or recesses are formed in at least one surface is obtained in this manner, 
and the resulting groove and/or recess-containing unit electrode precursor is fired to 
obtain a groove and/or recess-containing unit electrode. This groove and/or 
recess-containing unit electrode forms at least one of the unit electrodes of the plasma 
generating electrode. The groove and/or recess-containing unit electrodes are formed 
by the above-described method in a number necessary for the plasma generating 
electrode. As the firing method used in this embodiment, a firing method used when 
manufacturing a known ceramic may be suitably used, for example. 

[0051] A holding member for holding the unit electrodes of the plasma 
generating electrode at a specific interval is separately formed. In the method of 
manufacturing a plasma generating electrode according to this embodiment, the method 
of forming the holding member is not particularly limited. For example, the holding 
member may be formed by press forming a mixed powder of zirconia powder and an 
organic binder, subjecting the resulting product to binder prefiring and firing, and 
arbitrarily performing final dimensional finishing by grinding. 
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[0052] The unit electrodes are held at a specific interval using the resulting 
holding member so that the resulting groove and/or recess-containing unit electrode is 
used as at least one of the unit electrodes each of which faces each other to obtain a 
plasma generating electrode. In this case, the groove and/or recess-containing unit 

5 electrodes may be used as both of the unit electrodes each of which faces each other, or 
the groove and/or recess-containing unit electrode may be used as one of the unit 
electrodes each of which faces each other, and a known electrode such as a metal plate 
may be used as the other electrode. The above-described configuration allows the 
plasma generating electrode 1 as shown in FIG. 1 to be easily manufactured at low cost. 

10 [0053] One embodiment of a method of manufacturing a plasma generating 

electrode according to the fourth invention is described below. The method of 
manufacturing a plasma generating electrode according to this embodiment is a method 
of manufacturing a plasma generating electrode including at least two plate-shaped unit 
electrodes each of which faces each other and capable of generating plasma upon 

15 application of a voltage between the unit electrodes, the method including forming a 
ceramic raw material in a shape of a plate to obtain a plurality of unfired ceramic 
formed bodies, forming a plurality of grooves and/or a plurality of recesses in at least 
one surface of a specific unfired ceramic formed body of the resulting unfired ceramic 
formed bodies and disposing a conductive film on the other surface to obtain a groove 

20 and/or recess-containing conductive-film-containing ceramic formed body, stacking the 
other unfired ceramic formed body on the resulting groove and/or recess-containing 
conductive-film-containing ceramic formed body so that the conductive film is covered 
to obtain a groove and/or recess-containing unit electrode precursor having the grooves 
and/or the recesses formed in at least one surface, firing the resulting groove and/or 

25 recess-containing unit electrode precursor to obtain a groove and/or recess-containing 
unit electrode including a plate-shaped ceramic dielectric having the grooves and/or the 
recesses formed in at least one surface and the conductive film disposed inside the 



ceramic dielectric, and disposing the resulting groove and/or recess-containing unit 
electrode to be at least one of the unit electrodes each of which faces each other of the 
plasma generating electrode. 

[0054] In the method of manufacturing a plasma generating electrode according 

5 to this embodiment, unfired ceramic formed bodies are obtained by the same method as 
in the embodiment of the third invention. 

[0055] Grooves and/or recesses are formed in at least one surface of a specific 
unfired ceramic formed body of the resulting unfired ceramic formed bodies and a 
conductive film is disposed on the other surface to obtain a groove and/or 

10 recess-containing conductive-film-containing ceramic formed body. In the 
embodiment of the third invention, grooves and/or recesses are formed in at least one 
surface of the unit electrode precursor. In this embodiment, grooves and/or recesses 
are formed in the surface of the unfired ceramic formed body. As the method of 
forming the grooves and/or recesses, a method similar to the method described in the 

15 embodiment of the third invention may be used. For example, the grooves and/or 
recesses may be formed using a die corresponding to the shape of the groove or the 
recess. Or, an unfired ceramic formed body in which holes are formed by punching 
may be prepared, and grooves or recesses may be formed by stacking the unfired 
ceramic formed body in which the holes are formed on a plate-shaped unfired ceramic 

20 formed body. The conductive film may be disposed by preparing conductive paste by 
the method described in the embodiment of the third invention, and disposing the 
conductive paste by the method described in the embodiment of the third invention. 

[0056] The order of the step of forming the grooves and/or the recesses and the 
step of disposing the conductive film is arbitrary. Or, these steps may be performed at 

25 the same time. 

[0057] The other unfired ceramic formed body is stacked on the resulting groove 
and/or recess-containing conductive-film-containing ceramic formed body so that the 



conductive film is covered to obtain a groove and/or recess-containing unit electrode 
precursor in which grooves and/or recesses are formed in at least one surface. When 
stacking the other unfired ceramic formed body, the other unfired ceramic formed body 
in the shape of a plate may be directly stacked to obtain a groove and/or 

5 recess-containing unit electrode precursor in which grooves and/or recesses are formed 
in only one surface, or a groove and/or recess-containing unfired ceramic formed body 
obtained by forming grooves and/or recesses in the surface of the other unfired ceramic 
formed body opposite to the stacking surface to a groove and/or recess-containing unit 
electrode precursor in which grooves and/or recesses are formed in each surface. 

10 [0058] The steps after obtaining the groove and/or recess-containing unit 

electrode precursor are performed in the same manner as in the embodiment of the third 
invention to obtain a plasma generating electrode. The above- described configuration 
allows the plasma generating electrode 1 as shown in FIG. 1 to be easily manufactured 
at low cost. 

15 [0059] One embodiment of a method of manufacturing a plasma generating 

electrode according to the fifth invention is described below. The method of 
manufacturing a plasma generating electrode according to this embodiment is a method 
of manufacturing a plasma generating electrode including at least two plate-shaped unit 
electrodes each of which faces each other and capable of generating plasma upon 

20 application of a voltage between the unit electrodes, the method including forming a 
ceramic raw material in a shape of a plate to obtain a plurality of unfired ceramic 
formed bodies, disposing a conductive film on one surface of a specific unfired ceramic 
formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 

25 formed body on the resulting conductive-film-containing ceramic formed body so that 
the conductive film is covered to obtain a plate-shaped unit electrode precursor, firing 
the resulting unit electrode precursor and then forming a plurality of grooves and/or a 



24 



plurality of recesses in at least one surface of the fired unit electrode precursor to obtain 
a groove and/or recess-containing unit electrode including a plate-shaped ceramic 
dielectric having the grooves and/or the recesses formed in at least one surface and the 
conductive film disposed inside the ceramic dielectric, and disposing the resulting 

5 groove and/or recess-containing unit electrode to be at least one of the unit electrodes 
each of which faces each other of the plasma generating electrode. This configuration 
allows the plasma generating electrode 1 as shown in FIG 1 to be easily obtained at low 
cost. In the manufacturing method according to the embodiment of the third invention, 
the grooves and/or the recesses are formed before firing the unit electrode precursor. 

10 In the manufacturing method according to this embodiment, the grooves and/or the 
recesses are formed in the surface of the unit electrode precursor after firing the unit 
electrode precursor. This configuration improves the accuracy of the shape of the 
grooves and/or the recesses. The method of forming the grooves and/or the recesses is 
not particularly limited. Machining such as slicing, dicing, or processing using 

15 ultrasonic horns can be given as preferable examples. 

[0060] The manufacturing method according to this embodiment can be 
implemented in the same manner as the method described in the embodiment of the 
third invention except for the step of forming the grooves and/or recesses after firing the 
unit electrode precursor. It is preferable that the shape of the groove and/or the recess 

20 to be formed and the like be the same as the shape of the groove and/or the recess and 
the like described in the embodiment of the plasma generating electrode according to 
the first invention. 

[0061] One embodiment of a method of manufacturing a plasma generating 
electrode according to the sixth invention is described below. The method of 
25 manufacturing a plasma generating electrode according to this embodiment is a method 
of manufacturing a plasma generating electrode including at least two plate-shaped unit 
electrodes each of which faces each other and capable of generating plasma upon 
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application of a voltage between the unit electrodes, the method including forming a 
ceramic raw material in a shape of a plate to obtain a plurality of unfired ceramic 
formed bodies, disposing a conductive film having a plurality of openings formed 
therethrough in its thickness direction on one surface of a specific unfired ceramic 
5 formed body of the resulting unfired ceramic formed bodies to obtain a 
conductive-film-containing ceramic formed body, stacking the other unfired ceramic 
formed body on the resulting conductive-film -containing ceramic formed body so that 
the conductive film is covered to obtain a plate-shaped unit electrode precursor, firing 
the resulting unit electrode precursor to obtain a groove and/or recess-containing unit 

10 electrode including a plate-shaped ceramic dielectric having in at least one surface a 
plurality of grooves and/or a plurality of recesses corresponding to a shape of the 
openings in the conductive film and the conductive film disposed inside the ceramic 
dielectric, and disposing the resulting groove and/or recess-containing unit electrode to 
be at least one of the unit electrodes each of which faces each other of the plasma 

15 generating electrode. This configuration allows the plasma generating electrode 1 as 
shown in FIG. 9 to be easily manufactured at low cost. 

[0062] In the method of manufacturing a plasma generating electrode according 
to this embodiment, unfired ceramic formed bodies are obtained by the same method as 
in the embodiment of the third invention. 

20 [0063] A conductive film having openings formed therethrough in its thickness 

direction is disposed on one surface of a specific unfired ceramic formed body of the 
resulting unfired ceramic formed bodies to obtain a conductive-film-containing ceramic 
formed body. The conductive film may be disposed by calender rolling, spraying, 
electrostatic painting, dip coating, knife coating, chemical vapor deposition, physical 

25 vapor deposition, or the like. When stacking the conductive-film-containing ceramic 
formed body in which the openings are formed in the conductive film and the other 
unfired ceramic formed body, the unfired ceramic formed body is formed so that the 
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openings in the conductive film are filled therewith, whereby grooves and/or recesses 
corresponding to the shape of the openings in the conductive film are formed in the 
surface of the unit electrode precursor. The unit electrode precursor is then fired in the 
same manner as in the embodiment of the method of manufacturing a plasma generating 
electrode of the third invention to obtain a plasma generating electrode as shown in FIG. 
9 including the unit electrode 2 including the plate-shaped ceramic dielectric 3 having 
grooves and/or recesses 6 (only the recesses 6 are formed in FIG. 8) corresponding to 
the shape of the openings 10 in the conductive film 4 in at least one surface 21 and the 
conductive film 4 disposed inside the ceramic dielectric 3. 

[0064] One embodiment of a plasma reactor according to the second invention is 
described below. FIG. 10 is a cross-sectional view schematically showing the 
configuration of the plasma reactor according to this embodiment. As shown in FIG. 
10, a plasma reactor 20 according to this embodiment includes one embodiment (plasma 
generating electrode 1) of the plasma generating electrode according to the present 
invention as shown in FIG. 1, and a casing 12 having a passage (gas passage 13) for a 
gas containing a specific component formed therein, in which, when the gas is 
introduced into the gas passage 13 of the casing 12, the specific component contained in 
the gas can be reacted using plasma generated by the plasma generating electrode 1. 
Since the plasma reactor 20 according to this embodiment includes the plasma 
generating electrode 1 according to the first invention, high-density plasma can be 
generated. For example, when using the plasma reactor 20 as an exhaust gas treatment 
device, exhaust gas can be efficiently treated at low energy. 

[0065] The material for the casing 12 forming the plasma reactor 20 according 
to this embodiment is not particularly limited. For example, it is preferable that the 
material for the casing 12 be ferritic stainless steel having excellent conductivity, being 
lightweight and inexpensive, and showing only a small amount of deformation due to 
thermal expansion. 
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[0066] The plasma reactor according to this embodiment may include a power 
supply (not shown) for applying a voltage to the plasma generating electrode. As the 
power supply, a known power supply may be suitably used insofar as it can supply a 
current which causes plasma to be effectively generated. It is preferable that the power 
supply be a pulsed power supply. It is still more preferable that the power supply 
include at least one SI thyristor. Plasma can be more efficiently generated by using 
such a power supply. 

[0067] The plasma reactor according to this embodiment may be configured so 
that current is supplied from an external power supply instead of providing a power 
supply in the plasma reactor. 

[0068] The current supplied to the plasma generating electrode forming the 
plasma reactor may be appropriately selected depending on the intensity of plasma to be 
generated. When installing the plasma reactor in an automotive exhaust system, it is 
preferable that the current supplied to the plasma generating electrode be a direct 
current at a voltage of 1 kV or more, a pulsed current having a peak voltage of 1 kV or 
more and a pulse rate per second of 100 or more (100 Hz or more), an alternating 
current having a peak voltage of 1 kV or more and a frequency of 100 or more (100 Hz 
or more), or a current generated by superimposing two of these currents. This 
configuration allows plasma to be efficiently generated. 

[0069] A toxic substance (e.g. nitrogen oxide) contained in exhaust gas can be 
more effectively removed by disposing the plasma reactor according to this embodiment 
and a catalyst in an exhaust system through which gas discharged from an automotive 
engine or the like passes. 

[0070] As the catalyst used together with the plasma reactor according to this 
embodiment, a catalyst formed by causing at least one element selected from platinum 
(Pt), palladium (Pd), rhodium (Rh), gold (Au), silver (Ag), copper (Cu), iron (Fe), 
nickel (Ni), iridium (Ir), and gallium (Ga) to be supported on a porous carrier may be 
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suitably used. 
EXAMPLES 

[0071] The present invention is described below in more detail by way of 
5 examples. Note that the present invention is not limited to the following examples. 
[0072] (Example 1) 

The plasma generating electrode 1 as shown in FIG. 11 including the 
plate-shaped ceramic dielectric 3 in which the grooves 5 were formed in the surface and 
the conductive film 4 disposed inside the ceramic dielectric 3 was provided. The 

10 plasma generating electrode 1 was disposed in a casing having a passage for a gas 
containing a specific component to obtain a plasma reactor (Example 1). In the plasma 
generating electrode 1 used in Example 1, the grooves 5 with a width of 100 jum and a 
depth of 100 fim were formed in each side of the ceramic dielectric 3 with a thickness of 
1 mm in an area corresponding to 50% of the area of the surface of the ceramic 

15 dielectric 3 assuming that the surface forms a continuous plane. The average thickness 
of the ceramic dielectric 3 of the plasma generating electrode 1 used in Example 1 was 
0.9 mm. 

[0073] Combusted exhaust gas discharged from a propane gas burner was 
caused to pass through the plasma reactor of Example 1 at a gas flow rate of 1.0 

20 Nm 3 /min. As a result, nitrogen monoxide contained in the exhaust gas was converted 
into nitrogen dioxide at a percentage of 82 vol%, and soot contained in the exhaust gas 
was removed (oxidized) at a percentage of 58 wt%. 
[0074] (Comparative Example 1) 

A plasma generating electrode including a plate-shaped ceramic dielectric 

25 having a flat surface and a conductive film disposed inside the ceramic dielectric was 
provided. The plasma generating electrode was disposed in a casing having a passage 
for a gas containing a specific component to obtain a plasma reactor (Comparative 
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Example 1). The thickness of the ceramic dielectric of the plasma generating electrode 

used in Comparative Example 1 was 1 mm. 

[0075] Exhaust gas was caused to pass through the plasma reactor in the same 

manner as in Example 1. As a result, nitrogen monoxide was converted into nitrogen 
5 dioxide at a percentage of 68 vol%, and soot was removed at a percentage of 41 wt%. 

These values are lower than those of Example 1 to indicate the plasma reactor of 

Comparative Example 1 cannot sufficiently treat the exhaust gas. 

[0076] (Comparative Example 2) 

A plasma generating electrode including a plate-shaped ceramic dielectric 
10 having protrusions formed on the surface and a conductive film disposed inside the 

ceramic dielectric was prepared. The plasma generating electrode was disposed in a 

casing having a passage for a gas containing a specific component to obtain a plasma 

reactor (Comparative Example 1). The thickness of the ceramic dielectric of the 

plasma generating electrode used in Comparative Example 2 was 1 mm, and the height 
15 of the protrusions was 100 ^m. 

[0077] Exhaust gas was caused to pass through the plasma reactor in the same 

manner as in Example 1. As a result, nitrogen monoxide was converted into nitrogen 

dioxide at a percentage of 70 vol%, and soot was removed at a percentage of 42 wt%. 

These values are lower than those of Example 1 to indicate the plasma reactor of 
20 Comparative Example 2 cannot sufficiently treat the exhaust gas. 

[0078] (Example 2) 

A catalyst was disposed downstream of the plasma reactor of Example 1, and the 
NO x purification performance of the plasma reactor was evaluated. As the catalyst, a 
catalyst powder prepared by causing commercially-available Y-AI2O3 to be impregnated 
25 with 5 wt% of Pt was supported on a cordierite ceramic honeycomb structure. The 
catalyst had a columnar shape with a diameter of 1 inch (about 2.54 cm) and a length of 
60 mm. The number of cells of the ceramic honeycomb structure was 400, and the 
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thickness (rib thickness) of the partition walls partitioning the cells was 4 mil (about 0.1 
mm). The plasma generation conditions and the exhaust gas passage conditions were 
the same as those of Example 1. 

[0079] As a result, NO contained in the exhaust gas was purified at a percentage 
of 80 vol% as NO x after causing the exhaust gas to pass through the plasma reactor and 
the catalyst. 

[0080] (Comparative Example 3) 

A catalyst was disposed downstream of the plasma reactor of Comparative 
Example 1, and the NO x purification performance of the plasma reactor was evaluated. 
As the catalyst, the catalyst used in Example 2 was used. The plasma generation 
conditions and the gas passage conditions were the same as those of Comparative 
Example 1. 

[0081] In Comparative Example 3, NO contained in the exhaust gas was purified 
at a percentage of only 65 vol% as NO x . 

INDUSTRIAL APPLICABILITY 

[0082] Since the plasma generating electrode and the plasma reactor according 
to the present invention can generate high-density plasma with a high energy state, the 
plasma generating electrode and the plasma reactor can be suitably used for an exhaust 
gas treatment device or the like which treats a specific component contained in exhaust 
gas or the like. The method of manufacturing a plasma generating electrode according 
to the present invention allows the above plasma generating electrode to be easily and 
inexpensively manufactured. 
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